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Abstract

In the present investigation, the influence of joint design on the microstructure and the mechanical properties of SAF 2205
duplex stainless steel welds are reported. Plates with two different joint designs were welded using the gas tungsten arc welding
process. To investigate the sole effect of joint design, the joints were designed in such a way that both joints have similar groove
volumes. The weldments were investigated for microstructural characterization, ferrite content, and microhardness study; later,
they were subjected to Charpy V-notch impact test, transverse tensile test, and fatigue testing in order to investigate the
mechanical performance. Both the weld joints were able to achieve 100% joint efficiency in view of the transverse tensile test.
Different weld joint configurations demonstrated the influence of the differential heat dissipation characteristics of the joints,
evident from different morphological features revealed through optical microscopy of the weldment. The welding affected the
ferrite(a)-austenite(y) ratio of the weld metals and differed the welds in terms of ferrite content in the root and weld pass. The
weld zone of the U-joint showed a 65.8% ferrite fraction and thus showed 18% more hardness as compared to the V-joint, while
the V-joint had the highest yield stress of 617 MPa. The study revealed that the U-joint performed better in comparison to the V-
joint in terms of microhardness, impact toughness, and fatigue behavior. The U-joint could resist around 15% more fatigue
cycles than the V-joint under high cycle fatigue.
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1. Introduction

Duplex stainless steels (DSS) are dual-phase steels comprising ferrite (o) and austenite (y) phases in a balanced proportion. The
balanced microstructure of the alloy provides excellent mechanical properties and good corrosion resistance when compared to
ferritic or austenitic stainless steel (ASS), as reported by Gunn (1997). Because of these properties, DSSs find their applications in
aggressive environments like offshore industries, food processing units, pulp industries, chemical tankers, and large structures like
bridges as well, as reviewed by Jebaraj et al. (2017). The DSSs have excellent hot cracking resistance as compared to ASS due to
higher ferrite content, but on some occasions, the Heat affected zone (HAZ) of DSS demonstrates loss of strength and lower
corrosion resistance. Therefore, welding of DSSs is a challenging task as the material is subjected to intense localized thermal
cycles during welding which disturbs the microstructural phase balance of the weldmetal Leonard et al. (2000). The studies by
Koussyet al. (2004) and Lin et al. (2012) show that during the solidification of the weld metal, several secondary precipitations
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(like carbides, o, and y-phase) take place in the temperature range of 400~1000°C. When the weldment is subjected to this
temperature range, the intermetallic compounds lead the weld to embrittlement and affect the mechanical and corrosion properties
of the weldment. Verma and Taiwade (2017) reviewed that welding with high energy arc process provides lower cooling and promote
the formation of austenite in the weldmetal while low energy arc process like electron beam welding (EBW) and laser beam welding
(LBW) can significantly reduce the austenite content of the weld metal up to around 5% due to faster cooling rate. They concluded
that a lower energy arc suppresses the intermetallic precipitations.

The composition of filler metal has also a prominent effect on the resulting weld microstructure than the cooling rate, as reported
by Muthupandi et al. (2003). Welding of DSSs is generally recommended with Ni-rich filler wires to promote the austenite content.
Mu'nez et al. (2010) compared duplex and austenite fillers and reported a decrease in the o/y ratio in the weld metal of the joint
fabricated using austenitic filler. Moreover, Paulraj and Garg (2016) and Zhang et al. (2017) investigated that the addition of 2-5%
N, in pure Argon (Ar) shielding reduces the amount of precipitation, increases the austenite content, and improves the toughness
and corrosion resistance. The phase balance of the microstructure can be retained with the help of post-weld heat treatment
(PWHT). Badji et al. (2008) found that the aging of the weldment in the temperature range of 600-1000°C records the lowest
toughness values (up to 6J/cm?) at 850°C due to the maximum amount of sigma phase (c-phase). Zhang et al. (2012) performed
the aging at 1050°C and found that the austenite content increases and a balanced state of a/y transformation reach, which
enhances the mechanical and corrosion properties of DSS welds.

The mechanical properties, like tensile strength as well as elongation characteristics, are strongly dictated by weldjoint design as
reported by Luo et al. (2014) and Rahmani et al. (2014). The joint design finds application during welding of thick sections in large
steel structures for example bridges and tankers etc. The joint design parameters have aprofound effect on the performance and
application of the weldment as studied by Jang et al. (2001). Ling et al.(2015) observed that joint configuration is an important
factor in welding that critically controls the heat dissipation characteristics of the weld and affects the microstructure and the
mechanical properties of the component. The investigation, carried out by Sharma and Shahi (2014), on the effect of different joint
designs on quenched and tempered steel welded joints shows that joint design variation can exert a strong influence on the
mechanical properties of the welds.

Researchers have made attempts to retain the phase balance of DSS weldmetal by investigating different welding techniques,
varying shielding gas composition, using different fillers, and by PWHT. The joint design influences the heat input and heat
dissipation characteristics in welding, which may influence the microstructure and mechanical properties of the weld Rahmani et
al. (2014). It is found from the literature that no such study is available which shows the effect of joint design on the behavior of
DSS weld. To bridge the gap, the present work aims to investigate the effect of two different joint configurations, viz. V-joint and U-
joint,on the resulting microstructure and the mechanical properties of DSS type SAF 2205 welds.

2. Experimental procedures
2.1 Material and Welding process

Duplex stainless steel type SAF 2205 was used as the base metal and ER 2209 as the filler material. The chemical composition
of the base metal and filler material is given in Table 1. Rolled plates of 12 mm thickness and 75 x 400 mm® in size were welded

with a single V-joint and single U-joint configuration.

Table 1: The chemical composition by wt. (%) of base metal and filler material

Material C Mn Si Cr Ni Mo N S P Fe
Base metal 0.02 0.84 0.41 22.84 | 4.65 38 0.186 | 0.003 | 0.028 | Bal.
Filler material 0.01 1.8 04 22.7 8.5 32 0.16 0.001 | 0.015 | Bal.
60 .30
& Lo o
e
2
3 "2
(a) (b)

Figure 1. Joint designs for welds (a) V-joint, (b) U-joint, (all dimensions are in mm)

In order to investigate the sole effect of joint design, the joints were designed in such a way that both joints have a similar cross-
section area of around 55.7 mm®. Figure 1 shows the schematic of both the joint configurations used in the study. Before the start
of the welding, plates were properly cleaned to remove oil and dirt. To remove any oxide scale formation and heat tint, stainless
steel wire brush was used. Welding was performed using the gas tungsten arc welding (GTAW) process using pure argon (Ar) as
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shielding gas (AWS 2004). The inter-pass temperature of 120 °C was kept using external flame heating to maintain a uniform
cooling rate and to avoid the coarsening of HAZ grains. The welding was performed by a certified welder and the process
parameters were determined based on initial trial runs. The process parameters used for welding are listed in Table 2.

Table 2: Process parameters in welding

No. of Current Voltage Velocity Average heat input

Weldment passes (A) V) (mm/sec) (kJ/mm)
V-Joint 8 140-170 13 0.9-3.3 0.67
U-Joint 7 140-170 13 1.0-2.4 0.55

-
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Figure 2(a) Schematic of the specimen extraction plan, (b) Ferrite and microhardness measurementpoints

2.2 Metallurgical testing

The schematic of the extraction plan of the specimens used for metallurgical and mechanical investigations is shown in Fig.2a.
The specimens from both welds were mechanically polished and etched with modified Beraha’s etchant, containing 1.5g K,S,0s,
100ml HCL, 15g NH4HF, and 100 ml distilled water, by immersion for 8§ sec for microstructural characterization. The
microscopic investigation was conducted using an optical microscope coupled with a CCD camera to capture the micrographs.

The ferrite content measurement was carried out in different zones of a weld. Hosseini et al. (2018) and Putz et al. (2019)
compared a number of methods viz. image analysis with light optical metallography, magnetic measurements with Ferit scope and
Magne-Gage, and X-ray diffractometry (XRD), used for the measurement of ferrite content in DSS. They found that Feritscope
underestimates the ferrite measurement by a factor of 1.1but still it finds extensive application due to ease in application. In the
present work, Ferrite content was measured in different zones of weldments by using Fischer’s Feritscope. The measurements were
taken along the transverse and longitudinal direction to the weld center, covering all the weld zones as shown in Fig.2b.

2.3 Mechanical testing

Specimens from both weldments were subjected to mechanical testing for finding the effect of joint configuration. The
transverse tensile test was carried out in accordance with the ASTMES Standard Test Methods for Tension Testing of Metallic
Materials. The testing was conducted at room temperature on a 100-ton universal testing machine with a constant strain rate of
0.1s™". The weldment was also subjected to microhardness testing. Vickers microhardness testing was carried out on a flat polished
surface with a load of 1kg and dwell time of 13s as per ASTM:E- 384-11 Standard Test Method for Micro-indentation Hardness of
Materials. The Charpy impact test was performed at room temperature as per ASTM E23 Standard Test Methods for Notched Bar
Impact Testing of Metallic Materials to calculate the toughness values of the weldjoints.
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The fatigue testing was carried out using specimens with across-section of 30.48 x 31.75 mm®, having a notch and holes for
clamping. The fatigue specimens were polished to remove the surface roughness so that crack does not initiate earlier from the
surface. The crack tip opening distance (CTOD) method was used on servo-hydraulic high cycle fatigue (HCF) testing machine
(Model no: UT-01-0025) as per ASTM E647-15el Standard Test Method for Measurement of Fatigue Crack Growth Rates. The
specimens were subjected to a load of 6 kN and 0.2 stress ratio (R) at room temperature for a crack length of 6.25 mm. The
fractured surfaces of the impact and fatigue specimens were studied for fractographic details using a scanning electron microscope
(SEM).

3. Results

3.1 Microstructural observations

The specimens extracted from both the weld joints were subjected to microscopic examination. The test was performed using a
precision metallurgical microscope. The specimens were prepared using an automatic electrolyting polishing machine. The etched
specimens for V-joint and U-joint are shown in Fig.3 depicting different weldpasses. The microstructure of the root, weldmetal,
and HAZ of the joints are shown in Fig.4(a)-(f). Primarily, DSS welds solidify in fully ferritic (J) mode, forming grain boundary
austenite (GBA) at first from J-ferrite, followed by Widmanstatten austenite (WA) and intragranular austenite (IGA) (Leone and
Kerr,1982). All of these forms of austenite can be seen in the microstructure of both welds. The root of the welds (Fig. 4(a) and
(b)) contains GBA, WA, IGA as well as secondary austenite (y,),which may be formed due to reheating in a multi-pass TIG
welding. It is observed from Table 2 that the average heat input to the V-joint is 0.67kJ/mm, whereas it is 0.55kJ/mm to the U-
joint. The approximate values of the cooling rate were 29 K/min for V-joint and 35 K/min for U-joint, confirming that the lower
value of heat input results in a higher cooling rate in the steel weldment stated by Arya et al. (2018). The higher cooling rate and
reheating in the root of the U-joint lead to the formation of columnar and coarse grains, respectively (Chen et al., 2009). The
distribution of the various morphologies of austenite is found to be different in the weld metals of joints (Fig. 4(c) and (d)). The
geometry of the V-joint has a sharp converging shape to the root compared to the U-joint. The input heat to the V-joint
concentrates whereas, in the U-joint, it spreads over a larger width. Due to this, the V-joint contains a higher amount of IGA than
the U-joint due to higher heat input (Geng et al., 2015). Further, the shape of the V-joint led the weld metal to reheat a number of
times and nucleate the intragranular austenite from the ferrite grains. These IGA transforms into secondary austenite (y,) in the
root region of the multi-pass weld due to reheating (Shinetal., 2012).

The weldmetal (WM), the fusion boundary (FB), the heat affected zone (HAZ), and the base metal (BM) are differentiated and
shown in Fig. 4(e) and (f). The coarsening of ferrite grains is observed in the HAZ of the V-joint, whereas the HAZ of the U-joint
contains the finer ferrite grains. The heat dissipation characteristics (i.e., cooling rate) primarily affect the microstructure of the
HAZ in the welds. The fine structure in the HAZ can be attributed to the relatively high cooling rate in the case of U-joint as the
high cooling rate reduces the time for the grains to grow (Kumar et al., 2014; Giorjao et al., 2019). It can be seen in Fig.4(e) and Fig.
4(f) that the regular elongated grains in the base metal (BM) gradually turn into the irregular morphologies of ferrite and austenite
at the boundary of BM and HAZ in both the weldments. It is known that the increase in heat input and decreasing cooling rate
results in an increased area for the HAZ (Kumar et al.,2014; Unnikrishnan et al., 2014; Gupta et al., 2018), and in confirmation of
these observations, it is observed that the width of the HAZ for the V-joint is more than that of U-joint.

(a) (b)
Figure 3. Macrostructure of the welds joint (a) V-joint, (b) U-joint
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Figure 4. Optical micrographs of the root pass, weld center, and HAZ of V and U-joint, showing o -ferrite and
different morphologies of ) -austenite (GBA, WA, and secondary austenite (},) in different regions of the
weld.

3.2 Ferrite fraction study

The ferrite content in the welds was measured along the transverse and longitudinal directional to theweldcenterline. The ferrite
measurement was performed using HELMUT Fischer GMBH+CO KG ferritosopeusing the“magnetic induction
method” calibrated according to AWS A4.2-91. It is found that the base metal consists of 51.2% ferrite showing the typical
phase balance in the microstructure of DSS 2205. A considerable variation in the ferrite contents of both welds is observed when
measured along the transverse direction (Fig5a). The weldmetal of the U-joint contains more ferrite volume than that of the V-joint.
The higher content of the ferrite phase in the U-joint can be due to a higher cooling rate resulting from lower heat input
(Mohammed et al.,2017). The higher cooling rate suppresses the formation of austenite, resulting in more ferrite volume in the
weld (Leone and Kerr,1982; Sadeghian et al., 2014). Further, Liao (2018) found that the ferrite content increases in DSS with the
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increase in cooling rates. The ferrite content in the HAZ for U-joint is found to be 64% compared to V-joint, which shows around
58%. The maximum ferrite fraction is found at the weld center of the U-joint (65.8%), showing a significant disturbance in the
phase balance at the center, whereas V-joint contains 58.3% ferrite at the same location.
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Figure 5. The variation of ferrite fraction measured along, (a) transverse direction, (b) longitudinal direction

The ferrite content was also measured along the longitudinal direction of the weld. The trend of the ferrite content is similar in
both welds, but the U-joint is found to be enriched in the ferrite phase (Fig. 5b). The joint design influences the dilution of the
filler metal into the weld metal and the base metal (Vahmanet al.,2020). The alloying elements of the filler metal get diluted into
the basemetal as well as into the previous pass of a multi-pass weld (Varbai et al., 2019). The subsequent pass increases the Ni
content of the previous weldpass and thus, formed more austenite (Hosseini et al., 2020). The austenite content also increased as
the number of welds passes increased (Putz et al., 2019). As the V-joint involved more number of passes, there may be more
addition of Ni, and thus the austenite content was more in V-joint as compared to the U-joint. The secondary austenite (y,) also
formed in the V-joint due to reheating, as is evident from micrographs, which further resulted in the increased austenite content,
thus reducing the ferrite fraction in the V-joint. The root pass melted more parent metal as compared to the subsequent passes;
therefore, the root of the welds is found to be enriched in ferrite. Due to reheating and addition of Ni in the following passes from
the filler metal, the ferrite fraction decreases. The cap pass is found to be enriched with ferrite as it was not reheated by any
subsequent pass.

Table 3: Impact and the tensile response of the base metal and welded joints

. YS UTS Elong. Strength ratio Toughness
Specimen 3
(MPa) (MPa) (%) (YS/UTS) (J/em?)
BM 480 657 242 0.73 215.4
V-joint 617 755 25.9 0.81 255
U-joint 557 766 28.6 0.72 270

3.3 Microhardness investigation

Microhardnes studies were carried out along the transverse and longitudinal directional to the weld center line in different zones of
both welds (Fig. 2b). The test was performed using a 2 kg Shimadzu (Asia Pacific) make Micro Vickers hardness testing machine.
The spatial location and plan for the microhardness investigation are the same as for the ferrite studies. The microhardness
distribution along the transverse direction is presented in Fig.6.The base metal exhibited a microhardnessvalueof243HV.The
microhardness of both the welds was higher as compared to the base metal. Across the weld, the U-joint depicts higher
microhardness values than the V-joint. At the center of the weld, the microhardness of the U-joint was found to be 18% more than
that of the V-joint. The maximum value of microhardness was recorded in the HAZ for the U-joint (359 HV), which was nearly
32% higher as compared to the microhardness of the HAZ of the V-joint. The higher microhardness values of the U-joint can be
associated with the higher volume of the 3-ferrite present in the weldmetal of the U-joint (Hosseini et al., 2018). There heating and
slower cooling rate of the V-joint during solidification leads to lower ferrite content and higher austenite content in the weld, which
decreases the microhardness of the weld (Leone and Kerr, 1982).The V-joint showed no significant variation in the microhardness
when measured along the weld center line. The root pass and cap pass of the V-joint exhibited higher microhardness values than
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that of the U-joint. The presence of secondary austenite (y,) can be attributed to this increased microhardness value at the root of the
V-joint (Sieurin andSandstrom, 2006; Jebaraj andAjaykumar, 2013; Jebaraj et al., 2018).
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Figure 6. Microhardness variation in the welds along the transverse direction

3.4 Tensile strength study

The tensile properties of the welds, such as yield strength (YS), ultimate tensile strength (UTS), elongation (%), and joint
efficiency, were evaluated and are listed in Table 3. The base metal of DSS 2205 possesses YS and UTS of 480 and
657MPa,respectively.The tensile test was performed using Tinius Olsen make 100-tonuniversal testing machine. The Y Sand UTS
values for both joints are higher than that of base metal. It is noticed that the U-joint depicts a lower YS of 557 MPa but a higher
UTS value of 766 MPa, which is closer to the V-joint. This result concludes that the deformation started at the lower stress value
(557 MPa), but it could not initiate the crack as easily in the case ofa U-joint due to a higher UTS (766MPa) and high strain
hardening rate.

The fracture location in both joints was found to be at the base metal region during tensile testing. This observation is in
confirmation to Giorjao et al. (2019) regarding the failure in lower hardness sites. This fact indicates that 100% joint efficiency is
achieved for bothjoints, and supports a good quality of the welded joints. In the fractured specimens, the formation of shear-lip
was observed at the end of the crack, indicating the ductile fashion of the fracture. The maximum elongation of 28.6%is observed
in the case of the U-joint, although the UTS value is closer to that of the V-joint. The higher elongation of the U-joint is due to the
presence of finer grains in comparison to the V-joint, indicating that the stress carrying ability of the U-joint is more than the
basemetal and V-joint.

3.5 Impact toughness study

In the present work, the specimen obtained from both the weld joints are subjected to impact testing. The test was performed
using a pendulum-type impact testing machine with a maximum capacity of 350J. The base metal exhibited a toughness
value of 215.4 J at room temperature. It is found that the weld metal of both of the joints showed higher toughness values than that
of the basemetal. The V-joint depicted the impact toughness of 255 J throughout the weld center. The U-joint allowed the weld to
absorb more energy resulting in higher toughness (270 J) value as compared to V-joint. The higher heat input and slower cooling
lead to a coarse-grained structure in the V-joint (Kordatos et al., 2001; Arya et al.,2018; Sun et al.,2016). The lower toughness of
the V-joint may be due to the coarsening of the grains. As the dislocation movement in the larger grains is more and resistance to
crack propagation is less due to the absence of the grain boundaries, the impact toughness is lower than the U-joint
(Songetal.,2016). Further, it is found from Fig.5a that the ferrite content in the U-joint is lower in comparison to V-joint. The
higher ferrite content results in a reduction in impact strength (Mouraetal., 2008; Rahmani et al., 2014).

3.6 Fatigue behavior study

The results from the CTOD testing are presented in the form of plots viz. crack length (@) vs. no. of cycles (V) and fatigue crack
growth rate (da/dN) vs. stress intensity factor range ( A K), as shown in Fig.7. The test was performed using 25 kN servo-
hydraulic high cycle fatigue testing machine. For the same crack propagation length, the U-joint and V-joint withstood for
64,270 and 55,914 fatigue cycles, respectively. This indicates higher fatigue resistance for the U-joint (in terms of the number of
cycles) as compared to the V-joint as well as the base metal (50, 260 cycles). Reyes-Hernandez et al. (2017) reported that an increase
in the austenite content causes a reduction in fatigue resistance. The increase in the austenite concentration in the weld joint, is at
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the expense of its resistance to fatigue loading. The lower value of fatigue resistance is observed for the V-joint, and this
observation is in confirmation with the observation reported by Reyes-Hernandez et al. (2017), Bagsyigit and Kurt (2018), and Ming
et al. (2020). The crack propagation rate in U-joint is found to be consistently lower than that of V-joint (Fig. 7b). The crack path
and “Fatigue Crack Growth in Reliability (FCGR)” primarily depends upon the grain size in the microstructure. A rough surface
produced by the fracture of coarse grain in base metal and weldmetal can withstand a higher number of fatigue cycles and deflect
the crack to a tortuous path resulting in reduced FCGR, as pointed out by Kusko et al. (2004). An increasing trend in the fatigue
crack growth rate is found with an increase in the value of A K for both joints. For the maximum value of A K(31.5 MPa ), the
FCGR (da/dN) for V-joint and U-joint is 2.8¢ * and 2.58¢ *mm/cycle respectively. Overall, the weld made with U-joint depicted a
lower crack propagation rate as compared to the weld with V-joint, thereby indicating better fatigue performance.

i | O U-joint] 30 < U-joint]
25
Q 201
g
£ 15
©
2 10
8 054
E 0.0
5 T T T T T T T T T T T T T
0 1 3 4 5 6 18 20 22 24 26 28 30 32
No. of cycle, N (x 10%) AK (MPavm)
(a) (b)

Figure 7. FCGR results show plots between (a) crack size and the number of cycles, (b) crack
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Figure 8. SEM images of the fractured surface for V-joint and U-joint specimens, fractured by CVN and fatigue

testing, show various features like voids, dimples, shiny ridges on the fracture surface, and fatigue striation marks,
cleavage, and tearing ridges.
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3.7 Fractographic investigation

The fracture surface of the specimen subjected to the impact test is analyzed. The test was performed using a scanning
electronmicroscope (SEM) available at IIT Ropar. The SEM micrographs for the fractured surface of CVN samples obtained from
V-joint and U-joint are shown in Fig. 8(a) and (b). The V-joint CVN fractograph comprises voids, dimples, and shiny ductile
regions, indicating the ductile mode of fracture. Unstable cracks, as well as some flat featureless areas, are also found somewhere
which dominates the ductile features, provoking the weld to fail in a brittle fashion in those regions absorbing the impact energy of
255 J. The fracture surface of the impact sample of the U-joint weld is found to be rich in dimples and voids, which shows the
elongated ridges, shiny ductile fields, and deeper voids, indicating a pure ductile fracture of the weld. Unlike the V-joint fracture
surface, the flat featureless regions and cracks are not found on the fracture surface of the U-joint. Figures 8(c) and (d) show the
fractograph of the fatigue fractured surface of the V-joint and U-joint, respectively. Fatigue striation marks arranged in the bands
can be seen clearly, indicating the crack growth for each load cycle and showing the presence of high-intensity cyclic stresses.
Cleavage and flat-like features are also observed on the surface marking the brittle zone that might be due to the inclusion of
particles. These defects, when observed in front of a crack-tip, a driving force is experienced by the crack facilitating further
propagation of the crack and increasing the crack growth rate (da/dN) in proportion to A K (Chen et al., 2015). The micrograph
shows some secondary cracks deeper beneath the fatigue striations, acting in a ductile fashion. It might be thought that the tip of
the primary crack was firmly blunt, which slowed down the crack propagation, but under the influence of high stresses, these
secondary cracks nucleated in the vicinity of the primary crack and triggered the same for further propagation.

4. Conclusions

The present work reports the effect of joint design, viz. V-joint and U-joint, on the GTAW weldment for SAF2205 Duplex
stainless steel. The joint design is a vital factor for SAF2205 duplex stainless steel (DSS) weld. The cross-section and dimensions
for both the joints are judiciously designed to have approximately the same volume. The effect of such a joint design is studied for
the metallurgical and mechanical behavior of the weldment in the selected material. Further, the effect of heat input vis-a-vis
cooling rate may be investigated as a future extension of the work. In view of the present investigation, the following conclusions
are drawn:

e  Microstructural studies revealed different morphology of austenite viz. GBA, WA, IGA as well as secondary austenite (y,)
into the matrix of ferrite in both of the welded joints. A difference in the grain size of HAZ is observed in both joints,
showing the influence of the joint design on the heat dissipation characteristics of the weld. The a—y ratio of welds
increases due to an increase in ferrite content during the cooling cycle of welding. Locally, the weld metal and HAZ of
the U-joint are found to be enriched with ferrite phase as compared to V-joint.

e The average microhardness in weldment with a U-joint was higher than that of a V-joint due to the higher ferrite fraction
of the U-groove weld. The impact toughness of both joints is higher than the base metal. The U-joint with the same weld
metal volume demonstrated 270 J/cm?, 25% higher than the BM and 6% higher than the V-joint.

e  The tensile specimens of both joints failed from the base metal, showing a 100% joint efficiency of the welds.

e  The fatigue life of the U-joint is approximately 15% higher than the V-joint for the same extension incrack length due to
the lower austenite fraction in the U-joint. The fatigue crack propagation rate in the U-joint is also found to be lower than
in the V-joint.

e The fractured surfaces of the impact test revealed voids, dimples, and tearing ridges for both joints, indicating the ductile
failure of the welds. The surfaces of the failed samples under fatigue testing consisted of fatigue striations and shiny
ridges, but some secondary cracks are found in the case of U-joint, which supports the higher resistance of the weld to the
fatigue loading.
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